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CABLE GUIDE SLEEVING STRUCTURE 

Related Applications 

This application is based on and claims priority 
to U.S. Provisional Application No. 60/406,607, filed 
August 28, 2002 and U.S. Provisional Application No. 
60/476,939, filed June 9, 2003. 

Field of the Invention 

This invention relates to sleeving and sleeving 
assemblies for encasing and protecting elongated items 
and especially to lengths of sleeving which may be 
drawn through in situ duct work for later facilitating 
positioning of elongated items in the duct work. 

Background of the Invention 

Elongated items such as wiring bundles or optical 
fiber cables used for telephone, video or computer 
communication networks are often installed in 
protective ducts which may be buried underground, 
strung from support stanchions or positioned within 
building structures along with other utility and 
service lines. Such ducts may be, for example, 
extruded polymer tubes which provide substantially 
continuous protection to the elongated items from 
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Furthermore, items, such as the aforementioned 
communication lines, if installed within ventilation 
ducts, such as air conditioning ducts, must meet the 
fire safety requirements of the Plenum Rating Standard 
established by Underwriters Laboratories. The Plenum 
Rating Standard UL1995 establishes minimum requirements 
for both flame spreading and smoke development based 
upon test specifications, particularly the Surface 
Burning Characteristics of Building Materials and 
assemblies, CAN/ ULC - S 1 0 2 , and the Standard Method of 
Tests For Surface Burning Characteristics of Building 
Materials, UL 723. According to the Plenum Rating 
Standard, material in a compartment handling 
conditioned air for circulation through a duct system 
shall have a flame spread rating of not more than 2 5 
and a smoke developed rating of not more than 50 when 
tested according to the aforementioned specifications. 
By adhering to such codes, greater fire safety is 
achieved since the elongated items within the duct work 
will resist burning and smoking during a fire, and the 
duct work will not become a means for spreading fire 
and smoke throughout the building. 

The insulation used with electrically conducting 
wire and the sheathing for optical fibers typically do 
not meet the requirements of the Plenum Rating 
Standard. This prevents positioning of such items 
within the air conditioning duct work of a building. 

There is clearly a need for an apparatus and 
method for installing additional elongated items, such 
as optical fiber cables or wire bundles within in-situ 
ducts, which does not require access to the duct 
substantially along its length but will allow for 



relatively easy installation of additional elongated 
items with only access to terminal points of the duct. 
It is furthermore desirable that, at least for some 
applications, the protective sleeving meet or exceed 
the Plenum Rating Standard to afford greater protection 
to the elongated items from fire and allow them to be 
installed within the ventilation duct work of a 
building . 

Summary of the Invention 

The invention concerns an elongated sleeve 
structure for the insertion and protection of elongated 
items within an outer duct . The sleeve structure 
includes a flexible sleeve comprised of a pair of 
opposed layers of woven resilient filaments. The 
opposed layers are comprised of warp yarns and a fill 
yarn common to both layers. The layers having a common 
seamless edge and a second edge, the layers being 
joined along the second edge by a knit stitch formed by 
interlooping of successive traverses of the fill yarn. 
A binder yarn may also be interlaced with the loops of 
the fill yarn to facilitate closure of the seam. 
Typically, the binder yarn has a smaller diameter than 
either the warp or fill yarns so as not to increase the 
bulk of the sleeve. The layers are of equal width and 
are resiliently separable from a first position in 
which they are in a closely spaced relationship to a 
spaced apart relationship in which a plurality of the 
elongated items may be accommodated. The layers are 
preferably resiliently biased to return to the first 
position in the absence of any the elongated items. 

In a preferred embodiment, the warp and fill yarns 
consist essentially of polyester. Preferably, the 
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yarns are woven in a pattern wherein the fill yarns 
float above two or more of the warp yarns. Such a 
pattern is known in weaving and includes satin, sateen 
and twill weaves. 

5 Alternatively, in order to meet the plenum 

requirements, the warp and fill yarns may comprise 
aramid filaments selected from the group consisting of 
nylon, polyphenylene sulfide, polyvinylidene fluoride, 
and copolymers of ethylene and chlorotrif luoroethylene . 

10 To facilitate drawing of elongated items through 

the sleeve structure, the structure further comprises a 
pull tape positioned between the opposed layers and 
extending substantially along the length of the sleeve. 

To facilitate drawing the sleeving structure 
15 through a duct, an attachment piece engages an end of 

the sleeve. The attachment piece is adapted to receive 
a line for drawing the sleeve through the outer duct. 
Preferably the attachment piece is adapted to attach 
the sleeve to a plurality of other sleeves as well when 

2 0 the sleeves are arranged in overlying relation with one 

another, thus enabling a plurality of sleeves to be 
drawn through the duct simultaneously. 

Preferably, the attachment piece comprises a 
grommet . The grommet comprises a tube extending 
25 through the sleeve and a flange surrounding the tube 

and attached to the tube at one end. The flange is 
positioned in engagement with one of the opposed layers 
forming the sleeve. A ring is positioned in engagement 
with another of the opposed layers. The ring is in 

3 0 overlying relation with the flange. The tube has a lip 
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engaging and attaching the ring in the overlying 
relation with the flange. 



The invention also concerns an assembly for 
receiving elongated items. The assembly comprises a 
5 plurality of flexible sleeves, each sleeve having a 

sidewall surrounding and defining a central space. 
Opposing portions of the sidewall of each sleeve are 
resiliently biased into closely spaced facing relation 
with one another to assume a substantially flat 

10 configuration. The opposing sidewall portions are 

separable into spaced relation to receive the elongated 
items within the central space. An attachment piece, 
such as a grommet, extends through each of the 
sidewalls and joins the sleeves to one another in 

15 overlying relation. 

The invention also encompasses a method of 
positioning and protecting elongated items within a 
duct. The method comprises the steps of: 

(A) providing a flexible sleeve comprised of a 
20 pair of opposed layers of woven resilient filaments 

comprised of warp yarns and a fill yarn common to both 
layers, the layers having a common seamless edge and a 
second edge, the layers being joined along the second 
edge by a knit stitch formed by interlooping of 
25 successive traverses of the fill yarn, the layers being 

of equal width and being resiliently separable from a 
first position in which they are in a closely spaced 
relationship to a spaced apart relationship in which a 
plurality of the elongated items may be accommodated, 
30 the layers being biased to return to the first position 



in the absence of any of the elongated items, a pull 
tape being positioned between the layers and extending 
lengthwise along the sleeve; 

(B) fixing an attachment device on an end of the 
sleeve; 

(C) drawing a line through the duct; 

(D) attaching one end of the line to the 
attachment device ; 

(E) drawing the sleeve through the duct using the 

line ; 

(F) severing the sleeve to remove the attachment 
device ; 

(G) attaching the elongated item to one end of 
the pull tape; and 

(H) drawing the elongated item through the sleeve 
using the pull tape. 

Brief Description of the Drawings 

Figure 1 is a perspective view of a sleeve 
structure according to the invention; 

Figure 2 is a detailed view on an enlarged scale 
of the portion of the sleeve structure within circle 2 
in Figure 1; 

Figure 3 is a perspective view of a plurality of 
sleeves within a conduit; 

Figures 4-6 are perspective views of various 
embodiments of a sleeve structure according to the 
invention; 

Figures 7-9 are perspective views of sleeve 
structure assemblies according to the invention; and 
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Figure 10 is a cross-sectional view taken at line 
10-10 of Figure 7. 

Detailed Description of the Preferred Embodiments 

Figure 1 shows an elongated sleeve structure 10 
according to the invention. Sleeve structure 10 
comprises a flexible sleeve 12 comprising opposed 
layers 14 and 16 of woven resilient filaments 18. 
Filaments 18 comprise warp yarns 20 and fill yarns 22, 
the fill yarns being common to both layers 14 and 16. 
The opposed layers 14 and 16 have a common seamless 
edge 24 and are joined to one another along a second 
edge 26 formed, as best shown in detail in Figure 2, by 
interlooping successive traverses of the fill yarn 22 
with one another. In some cases, depending upon the 
mode of manufacture, a binder yarn 23 is used to 
facilitate closure of the second edge 26. The binder 
yarn 23 traverses lengthwise along the edge and loops 
around pairs of fill yarn loops 22. Preferably, as 
shown in Figure 1, the opposed layers 14 and 16 are of 
equal width and comprise sidewall portions 28 and 3 0 
surrounding and defining a central space 32. The 
opposed layers 14 and 16 are nominally in a 
substantially flat, closely spaced relationship. This 
allows them to be easily drawn through a duct 31 as 
depicted in Figure 3. As further shown in that Figure, 
opposed layers 14 and 16 are resiliently separable into 
a spaced apart relationship, in which relationship a 
plurality of elongated items 34, such as optical fiber 
cables or wire bundles may be accommodated within the 
central space 32. Preferably, the opposed layers 14 
and 16 are resiliently biased to return to the 
substantially flat configuration in the absence of the 
elongated items 34. 



In one preferred embodiment, both the warp and 
fill yarns 20 and 22 consist essentially of polyester 
and are interwoven using a weave pattern characterized 
by "floats" of either warp or fill yarns on the surface 
of the woven layers. A yarn is said to "float" when it 
is not interwoven alternately with each cross yarn but 
skips two or more cross yarns before being interwoven. 
Weaves using floats include twill, satin and sateen 
weaves. In twill and satin weaves, the warp yarns 
float over the fill yarns, whereas in the sateen weave, 
the fill yarns float over the warp yarns. Satin weaves 
are characterized by having longer floats than twills. 
In general twill, satin and sateen weaves are favored 
because they provide a durable fabric which resists 
wear and abrasion and provides a smooth surface with 
low friction. The floats are preferably positioned on 
the inner surface of the sleeves. This allows 
elongated items 34 to be drawn more easily through the 
central space 32 when such items are being installed 
within the sleeve structure. The flat configuration of 
the sleeve structure 10 also provides advantage when it 
is drawn through a duct, as it maintains a low profile, 
allowing the sleeve 12 to more readily traverse crowded 
ducts and sharp curves in comparison with a sleeve that 
is normally biased into an open configuration. 

In a particular embodiment using polyester warp 
and fill yarns in one of the weaves mentioned above, 
the warp yarns are monofilaments having a diameter of 
about 0.25 mm, the fill yarns are also monofilaments 
having a diameter of about 0.20 mm, and the sleeve 12 
has a weave density of 20 to 35 dents per inch by 20 to 
35 picks per inch. 
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warp yarns 20 of polyphenylene sulfide. Alternately, 
halogenated compounds such as polyvinyl idene fluoride 
( KYNAR® ) and copolymers of ethylene and 
chlorotrif luoroethylene (HALAR® ) may be used for the 
fill yarns 22. Multi -filament yarns are advantageous 
for the fill yarns 20 because they are more flexible 
and provide generally better coverage, yielding smaller 
interstice size for the sleeve structure 10. 

As shown in Figure 1, sleeve assembly 10 also 
includes a pull tape 3 6 arranged within the central 
space 32 between the opposed layers 14 and 16. The 
pull tape 36 extends the length of the sleeve structure 
10 and facilitates the installation of elongated items. 
Once the sleeve structure is positioned within a duct, 
the elongated item is attached to one end of the pull 
tape 36, and the other end is drawn through the sleeve, 
the elongated item replacing the pull tape within the 
sleeve structure 10. Preferably, pull tape 36 has a 
flat cross-sectional profile to reduce the bulk of the 
sleeve structure 10. The pull tape 36 may be woven, 
braided or otherwise interlaced from high strength 
fibers such as aramids which will withstand significant 
tensile loads during the pulling operation. 

When multiple sleeve assemblies 10 are used in a 
single duct to protect communication lines, it is 
desirable to be able to readily distinguish one sleeve 
structure from another. This is advantageous, for 
example, so as to unambiguously be able to identify 
which pull tape is attached to an elongated item, and 
thus, which pull tape to draw through a sleeve. 
Identification of the sleeves is effected by using a 
trace yarn 3 8 interwoven as a warp yarn over the length 
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of the sleeve structure 10. Trace yarn 38 has a color 
which contrasts with the colors comprising the warp and 
fill yarns 20 and 22 and, thus, allows the sleeve 
assemblies 10 to be color coded and readily 
distinguishable one from another by merely observing 
the colors of the trace yarns 38 at either end of the 
sleeve structure 10. 

It may also be desired to be able to detect the 
presence or absence of a sleeve structure 10 while it 
is within a duct and not visually observable. This 
capability is advantageous to check the continuity of a 
sleeve structure for example. To this end, a detection 
filament 40 may be woven along with the warp yarns 20 
lengthwise along the sleeve structure 10. Detection 
filament 40 comprises an electrically conducting wire 
which allows the sleeve structure 10 to be detected by 
inductive or radio- frequency techniques. This is 
especially useful for ducts which are buried as the 
detection means, for example, an electromagnetic 
disturbance, passes easily through the ground between 
the detection wire 40 and a detection apparatus, such 
as a radio receiver, to provide immediate indication of 
the presence or absence of the sleeve structure 10. 

If the elongated items positioned within central 
space 32 carry electrical currents, it may be desirable 
to shield these items from electromagnetic interference 
(EMI) . The items themselves may be a source of EMI 
adversely affecting other electrical current carriers, 
in which case it is desirable to isolate them. As 
shown in Figure 4, the sleeve structure 10 may serve as 
a shield/isolator of EMI by the incorporation of a 
conducting layer 42 substantially surrounding the 
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central space 32. Conducting layer 42 may comprise a 
layer of metal foil 44 (preferably aluminum) or, as 
illustrated in Figure 5, may comprise a plurality of 
interlaced conductors 46. Conductors 46 may be 
interwoven with the warp and fill yarns 2 0 and 22 or 
take the form of a distinct layer attached to the 
sleeve structure 10. The conductors 46 may, for 
example, comprise selected warp and fill yarns coated 
with a conductor, such as silver or copper, and be in 
electrical contact substantially along the length and 
width of the sleeve structure 10. Upon grounding of 
the conducting layer 42, it will serve to shield or 
isolate the items within the sleeve structure 10 from 
EMI . 

It may be desired to inflate sleeve structure 10 
with a compressed gas or other fluid. Inflation of the 
sleeve structure may, for example, facilitate its 
passage through a duct. To enable the sleeve structure 
10 to be inflated, it is advantageous, as shown in 
Figure 6, to coat the sleeve 12 with a flexible polymer 
coating 45 which seals the interstices formed when the 
sleeve structure 10 is woven. Other coatings 47, 
utilizing zinc compounds, may also be employed on the 
sleeve 12, for example, to prevent rot, mildew and 
other decay. 

As shown in Figure 1, the sleeve structure 
includes an attachment piece 48. Attachment piece 48 
may take one of several embodiments and serves to 
attach multiple sleeves 12 to one another in overlying 
relation to form an assembly as illustrated in Figures 
7-9. As shown in Figure 7, the attachment piece 4 8 may 
also provide a location where a line 49 may be attached 
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to draw one or more sleeve structures 10 through a 
duct . 

As shown in Figures 1 and 7, in a preferred 
embodiment of the sleeve structure 10, the attachment 
piece 48 comprises a grommet 50 located at one end of 
the sleeve 12. As shown in cross section in Figure 10, 
grommet 50 comprises a tube 52 that extends through one 
or more sleeves 12. A flange 54 is attached to one end 
of the tube 52. The flange 54 provides a surface 56 
engageable with an opposed layer 14 of one of the 
sleeves 12 to retain the grommet to the sleeve. The 
grommet also comprises a ring 58 which receives tube 52 
and is positionable in overlying relation with flange 
54. Ring 58 provides a surface 60 engageable with 
another opposed layer 16, either on the same sleeve 12 
or on another sleeve 12, in overlying relation with the 
first named sleeve to retain the grommet to the sleeve 
or assembly of sleeves. The ring 58 is retained by a 
lip 62 formed by outwardly reverse folding the tube in 
a cold-working process. Grommet 50 may be used on a 
single sleeve structure 10 as shown in Figure 1, or as 
shown in Figure 10, on a sleeve structure assembly 64 
to attach a plurality of sleeve structures to one 
another in overlying relationship. The grommet 50 
enables single or multiple sleeve structures 10 to be 
drawn through a duct. After the sleeve structures 10 
are positioned within the duct, the grommet 50 is 
removed, preferably by severing the sleeve structure or 
structures at or near the grommet . 

Figure 8 shows another attachment piece 4 8 in the 
form of sutures 66 that are sewn or stitched through 
the opposed layers 14 and 16 of multiple sleeves 12 to 



join them to one another for simultaneous drawing of 
the assembly through a duct. The sutures 66 provide a 
strong attachment between the sleeve structures 10 
which also provides a joint for receiving a line 68 
(shown in dotted line) looped between the overlying 
sleeve structures for drawing them through a conduit. 

Figure 9 shows another attachment piece 4 8 in the 
form of frangible posts 70 and cross pieces 72. Posts 
70 extend through the opposed layers 14 and 16 of 
multiple sleeve structures 10 connecting them to one 
another. The cross pieces 72 are positioned at either 
end of the posts 7 0 and engage the outermost sleeve 
structures to retain the sleeve structures 10 in 
overlying relation while the assembly of sleeve 
structures is being drawn through a duct. The posts 
and cross pieces are designed to be strong enough to 
hold the sleeve structures together during the draw 
through the duct, but are frangible so as to separate 
and release the sleeve structures when subjected to a 
tensile load as occurs when an elongated item is pulled 
through one of the central spaces 32 of any of the 
sleeves 12 . Preferably, the posts and cross pieces are 
formed from a polymer such as nylon, polypropylene or 
polyethylene. The frangible aspect may reside in 
either the post or the cross piece and may be effected 
by, for example, incorporating a narrowed cross section 
or a notch which will act as a failure initiation point 
upon application of a tensile load. 

The invention also concerns a method of 
positioning elongated items within a duct using the 
sleeve structure 10 according to the invention. In the 
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method according to the invention, a sleeve structure 
10 or an assembly of sleeve structures is provided. An 
attachment device, for example, the grommet 50, is 
fixed onto an end of the sleeve structure or sleeve 
5 assembly. A line is drawn through the duct and one end 

of the line is attached to the sleeve structure or 
assembly using the attachment device mounted on its 
end. The sleeve structure or assembly is then drawn 
through the duct using the line. Upon completion of 

10 the draw, the sleeve structure or assembly is severed 

to remove the attachment device. The elongated item to 
be positioned within the duct is attached to one end of 
a pull tape in the central space of one of the sleeves, 
and the elongated item is drawn through the sleeve 

15 using the pull tape. 

Sleeve structures and assemblies according to the 
invention, when used to position elongated items within 
duct work, provide several advantages. Due to their 
flat configuration, the sleeve structures and 

20 assemblies pass easily through a conduit, even one 

which is congested with other cables, lines and the 
like. Thus, the sleeve structures according to the 
invention may be used to augment a pre-existing network 
or create a network from scratch. The sleeve 

25 structures prevent tangling and spiraling of the 

elongated items, confining them to a predetermined size 
envelope to afford maximum usage of the limited space 
available within the duct and allowing greater packing 
densities. The sleeve structures present a smooth, 

3 0 durable surface to the elongated items by virtue of the 

weave which uses floats as found in twill, satin and 
sateen weaves. This reduces the friction between the 
sleeve structure and the elongated item during a pull 



and allows for longer pulls to be effected using lower 
pull forces with less chance of failure of a pull tape 
or elongated item. 
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